Abstract: Recurrent multidirectional shoulder instability (MDI) is a challenging clinical problem, particularly in the setting of connective tissue diseases, and there is a distinct lack of literature discussing strategies for operative management of this unique patient group. These patients frequently present with significant glenoid bone loss, patulous and abnormal capsulolabral structures, and a history of multiple failed arthroscopic or open instability procedures. Although the precise treatment algorithm requires tailoring to the individual patient, we have shown successful outcomes in correcting recurrent MDI in the setting of underlying connective tissue disorders by means of a modified T-plasty capsular shift and rotator interval closure in conjunction with distal tibial allograft bony augmentation. The purpose of this Technical Note was to describe a technique that combines a fresh distal tibial allograft for glenoid bony augmentation with a modified T-plasty capsular shift and rotator interval closure for the management of recurrent shoulder MDI in patients presenting with Ehlers-Danlos syndrome or other connective tissue disorders after failed Latarjet stabilization.
R ecurrent multidirectional shoulder instability (MDI) is a difficult clinical problem and becomes even more challenging in the face of connective tissue diseases (CTDs) such as Ehlers-Danlos syndrome.
Patients with hyperlaxity present with recurrent, sometimes voluntary subluxation or dislocation events and abnormal anatomy. One should expect patulous capsular tissue and likely labral insufficiency.
Conversely, MDI without hyperlaxity is more likely to present with anterior and/or posterior capsulolabral pathology 1, 2 in addition to bony lesions. Traditional anterior stabilization procedures depend on tightening capsular tissue and re-creating the labral bumper, but in patients with CTDs, this may not sufficiently restore stability or stretching may occur over time. 3 Bony augmentation procedures such as a distal tibial allograft (DTA) procedure, iliac crest autograft procedure, or Latarjet procedure increase the articular surface area and lessen the reliance on the patient's abnormal soft tissues. [4] [5] [6] The use of a DTA avoids graft-site morbidity, provides a cartilage interface for glenohumeral articulation, 5, 7 and shows similar clinical outcomes to the Latarjet procedure. 8 In addition, because it is an allograft, DTA can be used in a patient with a history of a failed Latarjet procedure.
Although bony procedures provide inherent stability, soft-tissue management remains critical in patients with connective tissue disorders. Altchek et al. 9 described a modified capsular shift technique, termed the "T-plasty," in which the anterior capsule is shifted on its medial (glenoid) attachment, simultaneously reducing anteroinferior capsular laxity and reducing the Bankart lesion on the anterior glenoid margin. Rotator interval closure (RIC) has also been used to successfully augment surgical treatment for MDI. 2, 10, 11 The open technique of Harryman et al. 12 imbricates and reinforces the coracohumeral ligament and superior glenohumeral ligament, tightening the rotator interval by approximately 1 cm. In patients with hyperlaxity due to connective tissue disorders, these techniques can be used effectively in combination to improve shoulder stability. The purpose of this Technical Note was to describe a technique that combines a DTA for glenoid bony augmentation with capsular T-plasty and RIC for the treatment of recurrent MDI in patients with EhlersDanlos syndrome or other connective tissue disorders after a failed Latarjet procedure (Video 1).
Surgical Procedure Patient Positioning and Diagnostic Arthroscopy
After the patient undergoes induction with general anesthesia and is placed in the beach-chair position, a standard arthroscopy is performed to fully assess the spectrum of intra-articular pathology. Particular attention must be given to the anterior glenoid to determine the amount of bone loss, capsular tissue quality, integrity of the glenolabral attachment, and presence or absence of cartilage lesions. In the setting of a failed Latarjet procedure, the surgeon should expect extensive scar tissue and altered anatomy in the subacromial space and rotator interval. Arthroscopic debridement should focus on defining the anatomy within the rotator interval.
Open Approach
An open incision is made in the area of the prior surgical incision, ideally from just lateral to the coracoid to just lateral to the axillary fold to allow for adequate exposure. Careful dissection is carried through the deltopectoral interval using Metzenbaum and Mayo scissors and gentle Cobb dissection (Fig 1) . The cephalic vein should be preserved when possible and retracted laterally to increase the ease of glenoid exposure. Dissection continues until the rolled, superior border of the subscapularis is identified.
In a case with a previous failed Latarjet procedure, it is critical to understand how the subscapularis was handled, as well as whether the coracoid bone block was placed through a subscapularis split or in some other fashion. Extra time must be taken to define the anatomy and identify and protect the musculocutaneous nerve, axillary nerve, and other important medial neurovascular structures. The subscapularis should be split with a No. 15 blade and Metzenbaum scissors at the junction of the upper 40% and lower 60% of the tendon (Fig 2) . The split should be developed medially to the level of the musculotendinous junction to accommodate a T-plasty capsular shift. Laterally, the inferior 3 cm of the subscapularis and capsular leaflet is separated and tagged with SutureTape (Arthrex, Naples, FL) in a V-fashion. If the anatomy is significantly abnormal, a subscapularis peel or tenotomy may be performed to allow for adequate exposure and should be repaired later (Fig 3) .
Glenoid Preparation
A Fukuda retractor is gently placed into the joint to visualize the anterior aspect of the glenoid. Hardware, screws, anchors, and suture from any previous procedure can then be removed. The capsule should be carefully dissected off the anterior glenoid, and a forked anterior glenoid retractor should be placed to protect the medial structures. The anterior surface of the glenoid can then be prepared with an osteotome and a high-speed 4.0-mm round burr down to healthy bleeding bone. A power rasp is used to produce a flat surface 90 perpendicular to the glenoid fossa. Once the glenoid is fully prepared, the DTA can then be prepared on the back table.
DTA Preparation and Insertion
Preoperative planning with computed tomography imaging will provide information regarding the approximate size of graft necessary to restore the bony anatomy. By use of the DTA workstation, the graft is irrigated and cut sequentially into the appropriate dimensions. Two 4-mm holes are drilled parallel to the cartilage surface of the DTA in preparation for a lag technique (Fig 4) . If the surgeon chooses, the graft can be soaked for several minutes in a basin of platelet-rich plasma.
The DTA is then temporarily fixed onto the flat surface of the anterior glenoid with the use of 2 Kirschner wires placed carefully alongside, but not within, the predrilled holes, ensuring that the cartilage of the graft is flush with the cartilage of the glenoid (Fig 5) . The drill holes in the glenoid are created in line with the predrilled holes in the DTA. Two 4-mm bicortical 
Modified T-Plasty Capsular Shift, Subscapularis Repair, and RIC
For the T-plasty capsular shift, two 4.75-mm SwiveLock anchors (Arthrex) should be placed at the cartilage-capsular junction of the humeral head to shift the previously tagged inferior capsular leaflet approximately 8 mm superiorly (Fig 6) . The subscapularis can then be repaired with 2 additional SwiveLock anchors and over-sewn into its anatomic position with SutureTape (Fig 7) . The capsular portion of the rotator interval is closed with SutureTape in a pants-over-vest horizontal fashion. Skin and subcutaneous tissues are closed in routine fashion. Advantages and disadvantages are summarized in Table 1 , and pearls and pitfalls of the complete surgical technique are summarized in Table 2 .
Postoperative Rehabilitation
The joint should be immobilized in a sling for approximately 6 to 8 weeks to allow healing of the capsule and subscapularis. The next 4 weeks should focus on both passive and active-assisted range of motion (ROM). Active ROM should wait until week 12 to prevent stretching of the repair; isometric exercises should be coupled with ROM for muscle stimulation (neuromuscular electrical stimulation may be used at this time). Strengthening occurs during weeks 14 to 16; progressive advancement through this phase over a period of 4 to 6 months is optimal, beginning with scapular stabilization, which will aid in reducing pain and improving movement (low-row exercises and muscle-memory exercises). Finally, between 6 and 8 months, the patient can work on return to play while strengthening continues around the operative site.
Discussion
This Technical Note highlights the multiple bony and soft-tissue procedures necessary to achieve stability for patients presenting with MDI and CTDs. In this case, a T-plasty capsular shift of the inferior capsule and an RIC were performed in addition to the DTA procedure. The presented treatment should be considered in the setting of significant anterior glenoid bone loss after failed arthroscopic and/or open stabilization procedures, particularly in the face of CTDs.
Glenoid bone loss of 15% or greater with recurrent instability is a relative indication for glenoid augmentation. 6 Although the Latarjet procedure is generally the gold standard, revision cases may warrant a fresh DTA procedure. [13] [14] [15] Furthermore, there is increasing concern for early onset of glenohumeral arthritis after Latarjet stabilization in the young, active patient population. 6 Literature pertaining to DTA augmentation in patients with glenoid bone loss suggests low rates of recurrent instability, high osseous incorporation with the native glenoid, and excellent clinical outcomes regarding overall postoperative pain and joint function. 5, 16, 17 In addition, the DTA procedure has the benefit of no donor-site morbidity combined with the ability to create a custom, anatomic fit relative to each patient's unique defect dimensions.
In conjunction with bony augmentation, the T-plasty serves to reduce the anterior and inferior capsular laxity and re-establish the attachment of the inferior glenohumeral ligament, whereas the RIC imbricates the tissue of the rotator interval, providing additional anterior softtissue restraint. Altchek et al. 9 first described the T-plasty modification to the Bankart procedure in 1991; they proposed a surgical methodology that allowed for simultaneous capsular shift and Bankart repair to correct symptomatic MDI. Excellent outcomes were reported in 95% of the patients; however, throwing ability did not fully return to preinjury levels. An RIC is indicated for recurrent MDI and has been shown to improve stability in cadaveric and clinical studies. 2, 12, [18] [19] [20] [21] It is important that we discuss the potential risks and limitations of the proposed technique. Although using a 
Advantages
Symptomatic glenoid bone loss is augmented while the anatomy and anterior-posterior or inferior-superior stability are restored. Graft-site morbidity is circumvented. An adequate cartilage interface for glenohumeral articulation is provided.
A capsular repair to allograft, as well as a modified T-plasty capsular shift, is allowed. Disadvantages Allograft availability is variable, and allograft is difficult to acquire in some circumstances. The cost is increased when using allograft.
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DTA circumvents the need for a fresh glenoid allograft, which is in much higher demand, DTA availability is variable and DTA may still be difficult to acquire in some circumstances. Moreover, if proper measures are not taken to accurately size the allograft based on preoperative and intraoperative templating, the patient may be at a greater risk of failed graft incorporation and recurrent instability. Finally, the surgeon must take care not to over-tighten the capsule during the T-plasty capsular shift. If the inferior leaflet of the capsule is translated too far superiorly or the subscapularis is not returned to its anatomic position, the patient may experience glenohumeral stiffness and limited ROM. This Technical Note describes a combination of evidence-based bony and soft-tissue procedures that can help manage the challenging patient with recurrent MDI in the setting of Ehlers-Danlos syndrome or other connective tissue disorders. These patients typically present with a history of multiple failed surgical procedures, significant glenoid bone loss, and hyperlaxity. Although the precise treatment algorithm needs to be tailored to the individual patient, we have had success with the T-plasty capsular shift and RIC in conjunction with DTA bony augmentation. Recent literature and our experience with this surgical treatment have yielded positive results thus far; however, further research on the long-term patient outcomes must be performed to validate this surgical technique. 
Pearls
A forked anterior glenoid retractor should be used during dissection of the capsule to protect the medial structures. Preoperative CT imaging can aid in approximation of graft sizing, which should be confirmed intraoperatively. The graft should be copiously irrigated to remove pre-existing marrow contents; soaking in platelet-rich plasma prior to fixation may facilitate healing and graft incorporation. Pitfalls Graft preparation prior to intraoperative sizing can reduce conformity, ultimately reducing the success of the transplant. At fixation, failing to check for a flush transition between the graft and the cartilage of the glenoid can leave the shoulder at risk of future complications.
CT, computed tomography.
